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How Tycoon Plastics 
HPM 6 . 
Builds Profitably with M °/8 oz 


H-P-M Injection 
Moiding Machines 













Not too long ago, Tycoon Plastics of 






Miami, Florida, was receiving shipment 
on their first H-P-M Plastic Injection Mold- 






ng Machine—a 6 8-oz. machine illustrat- 






ed below. Since that time, two more 
H-P-Ms have been added, including a 
12 16-0z. and a 20 28-oz. machine 


Growth such as this is not uncommon in 
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the busy South. H-P-M has played an im- ~ a 

yr nr oO in he - l ; 4 ; : 
portant part in the production growth of Nylon fishing rod guides and rollers, 
many companies like Tycoon. You, too, shot weighs 4 oz. 








can standardize on H-P-M equipment for 






essful plastic molding . . . injection, 





compression, transfer, and the molding 






of reinforced plastics. There’s an H-P-M 






for the job—and they're tops with mold- 









world. 





nops all over the 
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This is a 12-0z. machine molding Butyrate 
anchors in a 10-oz. shot. 


Hh em & 







An 18-0z. shot on this 20 28-0z. H-P-M 
molds polyethylene parts. 











Write today for Bulletin S5701-A describing HPM's complete line 







nachines—they're built for real service. 


THE HYDRAULIC PRESS MFG. COMPANY 


A DIVISION OF KOEHRING COMPANY bd MOUNT GILEAD, OHIO, U.S.A. 











masters in the field of 


Freed fri » the mber mood t the \I ddl. ges Titian 


heralded the n plend r the ine with | 

exuberant use of color. In the spirit of the old asters 

WESTCHESTER PLASTICS uses color in many stimulating 

new Ways 
Our pre-matched color concentrate for the new linear polyethylenes, for example 
Westchester, a pioneer in the field of color, is now among the first to offer a 
compound custom-tailored for just such a need a compound that eliminates 
degrading, migrating and leaching while it gives improved temperature and 


chemical resistance 


For this and many more color concentrates perfectly pre-matched for use with 
polyethylenes and other thermoplastic materials, the plastics industry has been 
turning to Westchester Plastics for over ten vears. Write today for information 


on our complete line of master-compounded color concentrates 


WESTCHESTER PLASTICS, Inc. 


326 WAVERLY AVENUE, MAMARONECK, N. Y. @ Mamaroneck 9-5980 


Custom Compounders of Polyethylene Molding Powder and other Thermoplastic Materials 
Manufacturers and Developers of Unicolor and Formacolor “Pliothene, Formacolor, Unicolor® 1.M. Reg. US. Pat. Off 
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DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION 


EFFECTIVE CONTROL OF VARIABLES 
DEVISED FOR INJECTION MOLDING OPERATIONS 


AUTOMATIC ADJUSTMENT IMPROVES QUALITY AND UNIFORMITY OF MOLDED PARTS 


Frequent mention has been made in the 
past few years of using a pressure signal 
to control the operation of an injection 
molding machine directly from the plasti- 
This would help to regulate 
the pressure and temperature sequence 
precisely and calhea in the injection 
mold. Needless to say, a superior quality 
of molded parts would result 


cized zone 


Dow Plastics Fabrication engineers have 
examined several of the possibilities and 
have tested the following control on which 
U. S. Patent 2.786.234 was obtained. 
The system used for controlling the in- 
jection pressure consists of: (1) an mstru 
ment placed in the mold to measure the 
pressure; (2) a recorder with 
pneumati control; (3) an air operated 
relief valve connected to the hydraulic 
line of the molding machine. Figure | 
gives you a graphic view of the installa- 
tion of such a system. 

With this automatic controller, setting 
controls becomes easier and time and 
material required to get the mold into 
production are saved. Flashing and short 
shots do not occur following an inter- 
ruption in the normal molding cycle. 
Changes in material or viscosity are taken 


plastic 


in stride without readjusting the controls. 
Finally, uniformity of piece weight is 
excellent. 

This particular system works effectively 
on heavier types of moldings. But, to mold 
thin-walled parts where faster cycles are 
injection molding 
depends largely on the placement of the 
pressure transducer W hether you con 
sider placing it directly in the mold cavity, 
in auxiliary cavity, the runner system, or 
in the nozzle, each location must be 
thoroughly evaluated for its respective 
advantages and drawbacks. 


necessary. superior 


The machine used in testing the effective 
ness of the system was equipped with a 
weigh feeder whose accuracy was ~*.6 
grams of the granular feed. When molding 
this part on a conventional cycle, the 
variations in the weight of the part were 
+.4 grams. But, by using the pressure 
control system, these variations were re 
duced to +.16 grams. See these results in 
Figure 2. This is only one of a number of 
advantages to be derived from the pressure 
control system. 

Plastiatrics studies and research continue 
in this area and similar {lds in an effort 
to find practica! solutions to problems in 


plastics formulation, design, molding and 
finishing. For your copy of our technical 
bulletin entitled “Pressure Control for 
Injection Molding Machines”, write to 
THE DOW CHEMICAL Company, Midland 
Michigan, Plastics Sales Dept., 1518F. 





AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 
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INJECTION CYLINDER 


RELEASE VALVE 
PRESSURE CONTROL SYSTEM FOR INJECTION MOLDING MACHINES 
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WEIGHT VARIATIONS OF 
70 ¢ 100 SHOTS OF GRANULES - OF 100 BOXES MOLDED 
OF WEIGH FEEDER 


80 «684 sss 892 


FIG. 2 


WEIGHT VARIATIONS WEIGHT VARIATIONS OF 
= 100 BOXES MOLDED WITH 


PRESSURE CONTROL 
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Charles A. Chayne, vice president of General 
Motors Corp., will address the luncheon meeting 
at the SPE Conference in Detroit this January 
More intormation about Mr. Chayne is on page 52 


TE NPR EE CLEA ERTL 


INDEX 


‘Progress Through Plastics Engineering’’ 


The 14th SPE Technical Conference 
Program—page 48 


TECHNICAL PAPERS 
Some Problems in Developing a High Tolerances 

Precision Laminate—M. R, Levy 
Higher Density Polyethylenes—George H. Sollenberger_23 
Printed Circuitry in Automobile Design 

V. R. Herterick 

it Generation and Expansion Effects in the Rheology 

ind Molding of Plastics—Herbert L. Toor 


an G. Gaylord 


FEATURE ARTICLES 

Molding Cycles 

“Restricted Gates for Balanced Flow”—Louis Paggi 

Speaking of Extrusion 

“Advantages of Extended Barrel Extruders” 
L. D. Yokana 

Management News and Views 

“The Need for More and Better Plastics Engineers” 
F. Perry Wilson 


Action By Your National Organizatior 


DEPARTMENTS 
Editor’s Notebook 
Plastics Around the World 
of the Industry 
on News 
sifed Ads 


Advertisers’ Index 





La le a Kook 


, 
at tomorrow s 


+ 


( i RE aa / 


< 
a < 


Th ‘, 


em OSTAR E | IE 


VIRGIN- POLYSTYRENE general-purpose - high impact - high j flow 


TAL LEAR AND A FULL RANGE 
H. MUEHLSTEIN & CO., INC., 60 E. 42nd ST., NY. 17 MANUFACTURED AND SOLD BY: FOSTER GRANT CO., INC., PETROCHEM 
KROP A * BOSTON « LOS ANGELES ~* 


MONOMER PLANT, BATON ROUGE, LA. * POLYMERIZATION PLANT, LEOMINSTER 


A PIONEER IN PLASTICS FOR OVER THIRTY 


MASS. 


YEARS 
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NOW AVAILABLE 


Papers Presented at the October 17, 1957 Cleveland 
Regional Technical Conference 
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Incorporated in 1942 under the laws USE THIS FORM TO ENTER YOUR ORDER 
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This Month's Cover: 


The ew cover design this month provides tl Journal witl 








readily identifiable cover, which states quite plainly that plastics 
gineering is our field, and which sports our present SPE emblen 
place of the outmoded one. We Sincerely hope you ke the change 
S Just one step In a continuing program otf g 
The photo, of course, is our convention ¢ f 58. a this 
view enjoyed by birds and airplane passengers as they ok s 
oss the city toward Canada 
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T’S HERE! AMERICA’S 


The world’s largest commercial plant to 

produce polypropylene is now on stream. 

Pro-fax, Hercules polypropylene, is the 

most significant new plastic to be devel- 
oped in years. It has a lower specific gravity than 
any other plastic material commercially available. 
Pro-fax has higher tensile strength, hardness, heat 
resistance, stiffness, resilience and clarity, coupled 
with the inertness and water resistance typical of 
a hydrocarbon polymer. Pro-fax is exceptionally 
easy to mold, yielding parts with a hard, glossy sur- 
face available in a broad range of colors. 

Among the other important properties of Pro-fax 
are excellent resistance to grease and oil, water, and 
many common acids; outstanding electrical proper- 
ties; and higher impact strength. Altogether, Pro- 
fax combines more desirable properties than any 
other plastic now marketed. 

There’s sure to be a place for Pro-fax in your 
picture. For further information on properties and 


uses, call or write Hercules. 


-———— 


: 


NOW THERE ARE TWO 


Pro-fax is the Hercules trademark for 
polypropylene, a hydrocarbon poly- 
mer, based on propylene and a new 
Hercules process. Pro-fax will com- 
plement the usefulness of Hi-fax*, 
Hercules high-density polyethylene, 
greatly broadening the available mar- 
kets for plastics, especially those now 
served by wood and metal. 

Pro-fax is the second of many new 
polymers resulting from a Hercules 
research program designed to explore 
the chemical horizons opened by the 
development of organometallic cataly- 
sis systems. Others will follow as 
Hercules continues its leadership in 
the important field of polyolefin 
chemistry. 


Cellulose Products De partme nt 


HERCULES POWDER COMPANY 4 


900 Market Street, Wilmington 99, Delaware 
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HERCULES TRADEMARK 


COMMERCIAL PRODUCTION 





T 


he Moslo Duplimatic — 3 ounce 
machine designed for high speed 
production of cord plugs and insert 
molding. Molds all Thermo-Plastic 
materials 


It is absolutely a fact—you can run 
molds on a Moslo machine at twice the 
capacity. This statement is backed up 
by the production records of many sat- 
istied users of Moslo machines. 


ikl 


| 
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Whether you are making SHORT or 

LONG runs this Moslo machine will 

make greater profits for you. It will 

accommodate any standard mold, has 

a greater plasticizing capacity, and will 

inject more material into the mold and The Moslo Model 74 — 2 ounce automatic 
eject the part faster, than any other injection molding machine. 

comparable machine. Ideal for running 

Styrene material as well as Nylon. 


In order to fully appreciate how a 
Moslo machine can benefit you visit 
our Cleveland headquarters. Bring your 
own molds and we will demonstrate ex- 
actly what a Moslo machine can do for 
you. Let us hear from you and we will 
be glad to arrange an appointment. 


*Hydraulic pull-back for plasticizing assembly 
»ptional equipment on 2 cunce model and 


tandard e 5 “ 
andard equipment on Mocel 75 The Moslo Model 75—4 ounce automatic 
injection molding machine. 


Moslo—The Name for the world’s fastest Molding Machines 


MOSLO MACHINERY COMPANY 


2437 PROSPECT AVENUE - CLEVELAND 15, OHIO 
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. ™ cil 
Competitive PVC Resin Escambia PVC Pearls 
(Each Magnified 40 times) 


ESCAM BIA PVC 


THIS RADICALLY New 


PVC POLYMER 


Complete freedom from “fines” . Extremely high plasticizer 
absorption rate Unusually low gel count . . . Excellent heat 


lity Availab n four molecular weights. 


s completely new PVC ... write or call — 


CHEM |! 





Monsanto Kgethey lone Resins 





—formulated for the 


toughness 


that satisfies 
...and sells! 


‘loughness that means fewer film rejects...tougher film that takes the roughest 


handling without tearing .. . toughness that opens up more and more uses 


for polyethylene film. This toughness that means customer 


satisfaction starts with special tough-grade polyethylene resins developed 


by Monsanto research. 


Monsanto special tough-grade polyethylene resins are available for extruding 


and calendering film. Other special formulations have been 


dev eloped for wire and cable insulation, 


extrusion coating, tubing, profile shapes, and moldings. 
1 
i 


Write for detaile¢ 
Monsanto Chemical Company, Plastics Division, 


information to 


Room 1881, Springfield 2, Mass. 


TOUGH-TESTED 
1¢ Monsanto Research and 
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WITH PRODEX EXTRUDERS 


PRODEX P.V.P. VENTED EXTRUDERS L/D 24:1 and 30:1 are outperforming other 
machines in leading plants throughout the world. 


«, POLYSTYRENE SHEET without predrying ‘#: HIGH DENSITY POLYETHYLENES from powder feed 
*:CABLE JACKETING without porosity of CALENDER FEEDING without banbury or mills 
*: CONTINUOUS COMPOUNDING for wire, cable, records and reclaiming with excellent dispersion 


> DEVOLATILIZING ond continuous removal of monomers, moisture, etc. 


PRODEX P.V.P. EXTRUDERS perform these operations within close tolerances and at higher output rates. 


FREE 50 PAGE ILLUSTRATED BULLETIN 


@ Send for bulletin E-3, second edition 


for complete details. 


e Arrange for a demonstration 


today on your material. 


Pa.tial view of Prodex sheet haul-off. Built in 
terperctur? control and Beta Ray thickness gage 
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30 TO 80% MORE PRODUCTION 


PRODEX NON-VENTED EXTRUDERS L/D 20:1 and 24:1 have set new standards of 
performance in precision and output rate when venting is not required. 
Sound engineering and advanced instrumentation guarantee easy and 


trouble free operation. 


* GENERAL CUSTOM EXTRUSION for wide variety of compounds and cross-sections 
% FILM EXTRUSION of polyethylene and vinyl! -#: LAMINATING plastic to plastic and paper coating 


*>VALVED EXTRUSION, interrupted valving for molding and continuous valving 


for dispersion and extrusion. 


Package installations for sheet, film, pipe, wire and cable; continuous compounding and laminating 


PRODEX EXTRUDERS are available in 1%”, 2%, 3/2", 4/2, 6” and 8” sizes 


PRODEX 
PRODEX CORPORATION 


FORDS, NEW JERSEY - Hillcrest 2-2800 


Manufacturers of Process and Extrusion Machinery 
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High speed photography helps Oldsmobile engi- 


ANEW BABY OF OURS 


Essentially, these photographs act as an analog com 


neers translate the theory of camshaft design into puter. Analysis gives a plot of the actual “lift curve” of 


practical reality. the camshaft—the exact linear movement of the valve at 


each degree of camshaft rotation. It tells at what points 


brains of an engine—its camshaft 


veloping the “ 
nds engineering skill of a high order. both in 
ry and practice. Advanced techniques of precision 
easurement guide Oldsmobile engineers in creating a 


‘file design of optimum efficiency. 


lo determine exactly what happens in a valve train 
stem, movies are taken at speeds up to 15.000 frames 
per second. The valve train under study is assembled in 
in engine block and driven by an electric dynamometet 
it precisely controlled speeds. A vernier scale. silver 
soldered to the valve spring retainer, is photographed 


is it moves with the valves opening and closing. 


OLDSNMNOBILE > 


the valve opens and closes and also whether the valve 
lifter is following the cam as it should. This curve. com 
pared to the theoretical lift curve is a definite point for 
refining to begin—to make sure that design theory will 
be production practice. With this exact and rapid tech- 
nique of analysis. as many as >0 exper imental camshafts 


may be tested before a final design is fixed. 


The Inquiring Mind at Oldsmobile is never at rest in 
its attempt to build the best engineered car in the indus- 
try. Test drive the ‘58 Oldsmobile and you'll find it’s the 


finest product in our 60-year history. 
OLDSMOBILE 1\ SION, GENERAL MOTORS CORP 


Pioneer in Progressive Engineering 


-Famous tor Quality Manufacturing 





NOW! 


FOR THE FIRST TIME. 
A BASIG MANUFACTURER OF RESINS 
OFFERS A COMPLETE LINE OF 
PLASTIC TOOLING MATERIALS— 


RCI POLYTOOL 


The Reichhold POLYTOOL line of plastic tooling materials includes epoxy, polyes- 





ter, phenolic and polyurethane resins; resin compounds and hardeners. Reichhold 





is a leading manufacturer of synthetic resins. This means outstanding quality 
control... your assurance of uniform dependability. ..materials tailored for casting, 
laminating and other techniques used in all types of plastic tooling. Write to RCI 
for full details on the POLYTOOL line and let RCI’s specialists help solve your 


plastic tooling problems. 


(ROR 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, WN. Y. 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol « Formaldehyde « Glycerine « Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid * Sodium Sulfite « Pentaerythritol « Pentachloropheno! « Sulfuric Acid 





ample 


As the principal producer, National Aniline’s fully- 
integrated volume output and fast deliveries from 
our strategically-located Moundsville plant expedites 
your production and minimizes your inventory. 


And because the quick-dissolving, uniform round 
tablets resist degradation in handling, they are essen- 
tially non-dusting and give you fewer fines. 


We will be happy to send you a sample of this high- 
quality, versatile intermediate. Write to the nearest 
National Aniline office. 


ee — . » | 
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NATIONAL ANILINE DIVIS 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Akron Atlanta Boston Charlotte Chattanooga Chicago Columbus, Ga. Greensboro 


Los Angeles New Orleans Philadelphia Portland, Ore. Providence Richmond ‘San Francisco Toronto 
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SAVE MORE TIME AND MONEY 


WITH |[M[z STANDARD MOLD BASES 
You Save on MOLD DESIGNING You Save on MOLD CONSTRUCTION 


, = Tn | 
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4 Ve a 
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WIDEST RANGE OF STANDARD SIZES ALL PLATES GROUND FLAT AND SQUARE 

MASTER LAYOUTS SAVE YOU TIME FAST SERVICE FROM LOCAL BRANCH 

COMPLETE CATALOG SPECIFICATIONS » SAVES VALUABLE TIME FOR CAVITY WORK 
\ EXACT PRICING INFORMATION ALL PARTS INTERCHANGEABLE 


You Save on MOLD OPERATION Speedy | E 
AND START SAVING NOW! 


PRECISION CONSTRUCTION GIVES 
LONGER MOLD LIFE 


REPLACEMENT PARTS IN STOCK 31 STANDARD SIZES — UP TO 23 3/4” x 35 1/2 
FITS MORE MOLDING MACHINES MANY SIZES IN STOCK AT 7 BRANCHES 


DETROIT MOLD ENGINEERING CO. 


6686 E. McNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 1-1300 
Write Today ed Contact Your Nearest Branch FOR I ASTE R DELIV ER TES" 
For D-M-E’s 170 Page Fear serr sien 
. f . | 1217 CENTRAL AVE 01 W. DIVISION ST 3700 § WAIN ST 
CATALOG . mone 
1 : } WILLS:D5, WJ. “CHICAGO, “ILL, LOS ANGELES, CAL. 
STANDARD ir ae 502 BROOKPARK ROD $58 LEO STREET 
Se ; JUS) EE SETS CLEVELAND, 0. DAYTON, 0. | 
MOLDMAKERS' D-M-E OF CANADA - 155 novscwan ave. - TORONTO, ONT. | 
SUPPLIES 





get better results 


by selecting . th @D EXCELLENT PRINTABILITY AND 


DURABILITY! Actual full beer 
can has traveled miles back and 


forth acr lluminated vinyl 


THE RICHT RIGD Boa 
VINYL SHEET <n 


ING OR LITHOGRAPHY AND AC 
CURATE FORMABILITY! Also- 


igh for illuminated 


€) TOUGH, FLEXIBLE, UNLIMITED 
COLORS! 


ri al Binding ration Vorth 


@ EASILY PROCESSED! Alligator 
Refreshing. grain is faithfully reproduced 


lor qu lity di play package 


and City, N. Y 


© MAXIMUM LIGHT STABILITY! 
Expertly formulated to insure 
] 


long-lasting beauty and service- 


ability 


; 
P 
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© MOISTURE PROOF, SNOWY 
WHITE AND WASHABLE! 


Plastic Playing Card Co., 
Illir 


types promptly .. . for playing cards or 
ging food or lining interiors of jet planes 
to improve a standard product or expand 
Nixon helps you to avoid costly mistakes 


formulating the sheet best suited to your 


ulvanced machinery, Nixon is equipped to 

wr small sheets or rolls from the thinnest 

gauges in a variety of transparent, trans- 

id opaque colors. For further information write or 
ne your nearest Nixon sales representative 


YOUR SOURCE FOR EVERY KIND OF FINE FORMABLE SHEETING 


mixOm......-- 


NIXON NITRATION WORKS + FOUNDED 1898 + NIXON, NEW JERSEY 


ick Charter 9-1121, Metuchen Liberty 9-0200, New York Ext. WOrth 4-5290. Chicago Office, 510 No. Dearborn St., Michigan 2-2363 
3687 Market St., JEfferson 5-8082. Cleveland, E. H. Alexander, 20605 Kings Highway, Wyoming 1-2863. Leominster, Mass., 
Jovidio, Phone 7-2120. Canadian Distributor: Crystal Glass & Plastics Ltd, 130 Queens Quay East, Toronto, Ontario 





Some Problems in Developinga... 


High Tolerance Precision Laminate 


M. R. Levy 


Raytheon Manufacturing Co 


Wayland, Massachuse 


his paper discusses the use of 
precision laminate for a pressure 

primary radiator of a radar reflector 

from Figure 1, one of the functions 

s to provide a radio frequency (RF) w 

sure seal for the air in the waveguide 

radar system. It is necessary to 

or higher pressure in the wav 

power breakdown between the 

If the cover were not present the air 

would exhaust into the radome at the lowered atr 
pressures that exist at high altitude. T 

function of the cover is to prevent corona. 
cover must be spaced far enough away 

mouth so that the field strength is reduced 
point where corona will form. 

Therefore it is necessary to design the cov 
regard to three criteria, RF considerations, envir 
conditions and manufacturing considerations. Sin 
apparent that the cover is another parameter 
gard to RF, the horn was designed to give opti 
beamwidths without the cover. Then the 
signed to present minimum interference 
ion pattern of the horn. If necessary the 
then redesigned for optimum performance 
immediately led to two conditions which made 
very difficult. Tests proved that to provide 
nterference with the radio frequency energy, the wa 
thickness hi: ve held to 15 to 17 thousandths of an ine 
and also that the shape had to be an oblate spheriod 
This led to it being nicknamed the “football” horn coven 
This shape was necessary since it was found that edge 
currents flowing back over the mouth of the horn feed 
would interfere with the primary pattern unless the 
angle of the back of the horn cover were very carefully 
adjusted. This oblate spheroid shape made the mold 
problem difficult since the reverse curvature, which car 


be seen in Figure 2, mad 


necessary to make the mold 


in five parts. 
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Figure 1. Horn cover with radio frequency window. 





“ince n ver 18 ocated I i igt pert 


aircraft withstand rigorous environment: 


tions. In sub-zero to about 300 F 
range of performance. To understand the 
vironment on the part it is best to analyze the 

n the aircraft during and before flight. Before 
the airplane may be stored at sub-zero temperature 
Shortly after this it may be climbing rapidly and ap 
proaching the speed of sound, If this happens the tempera 
ture goes up due to the ram effect of the aircraft push 
ng through the air, and the pressure differential lb 
comes greater inside the cover due to the drop in 

pheric pressure outside the cover. Some ways 

devised to simulate realistically these conditior 

tests ld be performed to insure reliability. The 


chose! V to tes I cover DY means oO 


Figure 2. Spheroid 
shape with reverse 
curvature required 
a five part mold. 








Figure 3. Pressure cycling apparatus for tests of horn 


cover. 





Figure 4. Temperature-pressure test on microwave horn 
cover of 0.015” polyester-glass laminate. 
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Higher Density Polyethylenes 


George H. Sollenberger 


hy ‘ / 


. . . the physical and chemical properties of the higher density polyethy- 
lenes make it attractive for a great number of applications .. . 


Heat Resistance 
I 


Stiffness Modulus 


overall 


either 


Tensile Strength 
Similar conf 

gh tensile strengt 

er-density polymers. h any 

s the stress at t yield point 

gram rather than the ultimate tensile strength, 

the stress 

erally regarded 


lished data may 
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g charact ti of the higher-density poly 


Moldability 
Processin 
are fully comparable to those of other ethyleni 
and selected types are available with melt in 
0.1 to 10.0. Here is another region of poss*' \ 
n. Polyethylenes of identical melt index fre: 
oducers may not have the same average molecular 
ition and hence may require radically dif 
conditions, The temperature 
rials may be completely dissimilar, but 
happen to intersect at the 190°C temperatures 
the melt index determiration, Obviously, 


ot define a curve 


Environmental Crack Resistance 
ironmental crack resistance is definitely related 
, although it is also a function of average mole- 
ght distribution. Higher-density polyethylenes of 
verage molecular weight (low melt index) have 
ed excellent crack resistance when exposed to 
celerators such as detergents. A third factor 
the crystallite component of the specimen 
If the crystallites are small and numerous 
wth to spherulites has been suppressed by 
or by the incorporation of a growth inhibitor, 
improved, A fourth and very im 
s the degree to which the specimer 
of stress. In this instance, it is possible 
residual stress resulting from mold 
s also possible to have a high stress 
xternally applied load. Examples would 
ressurized pipe. In any case, the presence 

n be highly detrimental. 
probability, it is a combination of these and 
vhich cause the lack of inter-laboratory re 
if the well-known Bell Labs test and the 
nment by ASTM Committee 0-20 of this 
n its original form. Of course, since this 
great importance, the search continues for 

method for its measurement, 

idds up to one conclusion: laboratory data 
aluable when properly used, but it is seldom 
test procedures will simulate service con 
rmore, published data can be honest and 
e same time. The final proof, of course, 
il competitive materials in the actual 


service conditions 


Applications 
It appears that film will be one of the major outlets 
higher-density polyethylenes, and it also appears 
ve very little competition with low-density 


stiffness, heat-resistance and very low 


of this high density film should enable it 


yr job in fields where cellophane and foil 

yw being used, Sterilizable pouches and freezable 
cable packages offer interesting possibilities. Water 
Fil is clearer than tubular film, although 
good tear strength when torn across 

direction, due to orientation, and only moder 
strength when torn parallel to machine direction. It 
axial orientation might be an excellent 

ils down to 0.5 melt index have been pro 

but low melt index types do not display 
draw-down characteristics. There is no blocking, 

film handles well in commercial bag-making and 


wrap machinery 


nity four 


Filament 

By way of contrast, the best filaments are being made 
from low melt index materials in the range of 0.4 to 0.6 
‘his is a somewhat different case than that of film draw 
down, however, because it is the orientation from the 
secondary draw-down that is responsible for the 70-90,000 
psi ultimate tensile strengths of commercial filaments. So 
far, rope has been the major outlet, but work on smaller 
diameter filaments for fabrics is progressing rapidly 
Special formulations are available which provide improved 
crush resistance and excellent outdoor weathering proper 


ties. 


Coated Paper 

In the case of paper coating Dy extru ion, the pro! 
em of draw is even more critical than in the case of film 
Not only must the hot web draw down to the required 
thickness, but it must do so under temperature conditions 
which provide adequate adhesion to the substrate. The coat 
ing of cloth or paper with 7-10 melt index materials is 
relatively straight-forward, but adhesion to cellophans 
and foil leaves something to be desired and work is cor 
tinuing. For coated paper, the strong points of the highe1 
density polymers are the same as those mentioned pre 

ously for film, plus abrasion resistance 


Blown Items 

Producers of bottles and other blown items are pri 
marily interested in the low permeability and good en 
vironmental crack resistance of the higher-density poly) 
mers, although the heat resistance and rigidity are of 
mportance in specific applications. Bottle-blowing tech 


1 


niques parallel those used for lower density polyethylenes, 
yut experience has shown that the air injection schedule 
s somewhat more critical with the higher-density types 
Late air injection can result in an “orange-peel” surface, 
because the surface of the tube has begun to cool. Early 
air injection can cause flashing. Optimum conditions will 
result in an almost perfect reproduction of the mold sur 
face, On the basis of environmental crack resistance, ma 
terial selection is usually the lowest melt index which the 
equipment can handle efficiently 


Sheet 

Similarly, the strongest, toughest extruded sheet is 
produced from higher-density polyethylenes of low melt 
ndex (under 1.0). Sheeting which is made under conditions 
f zero draw-down is stress-free and does not distort when 
reheated. In general the extrusion of sheet with subse 
quent hot-roll polishing follows usual procedures. Som« 
technique modifications are required for thermo- forming 
1igher-density polyethylene sheets, because the hot sheet 
has virtually no “body” or hot-tenacity. Work on this prob 

is going forward rather rapidly, because it appears 
that sheet represents a large-volume potential for the 
higher-density polymers on the basis of cost, stiffness, 
and heat resistance 
Pipe 

In the field of pipe and tubing, the heat resistance 
environmental crack resistance and tensile properties of 
the higher-density polymers are of interest. Production 
if pipe from low melt index polymer (under 1.0) is not 
difficult by either the internal or external sizing methods 
Threaded fittings look good on the basis of test installa 
tions, but a large amount of work remains to be done o1 
collection of data to establish maximum safe temperature 
and pressure combinations. The potential market in the 
dairy, food process, beverage, and chemical industries car 

(Please turn to page 64) 
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Printed Circuitry in 
Automobile Design 






V. R. Herterick 
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. . . the use of printed circuits for instrument clusters gives the automobile 


designer decided advantages—and provides the plastics industry with new 
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opportunities and new mar‘iets 
. J p a ] } 1 
‘ circuitry hit the automotive ndustry wit 
-.- jt 2 ive plants geographically separate ’ } 
parently sudden impact. This technique applied nf 
¢ . 4K ) aitferer tegvor | tte? ’ 
ment cluster wiring, has caugnt tne fancy | | 
, oss ; ] mplexit controlled electrica racte ( 
ay personnel alike 
F : : , is resistance and inductance all might tend t istify 
Actually, the adaptation of this type of « 
gher Cos processes put t! aut tag 
much slower and more evolutionary than most ispect : 
ee mo A sie : y electrica system puts more emphasis on ruggedne , dura 
Without fanfare, small printed circuits have el ibst . ‘= ‘ 
; : : nlity, high current load and low cost. A f these are 1 
tuted for metal-plastic combinations in gauges, meter 
; F . niyvy avaliable I mecnanica processes it tend tft TY 
and Signaiing devices for more than a year i ne idst » as 
: ‘ * naracteristic of then 
tion for conventional wiring in automotive rad 
gone almost unnoticed. In such electronic devices 
automatic headlight dimmer, printed circuity has : : 2 
factor in design for a considerable period. Now, howeve Application Potential 
the use on the instrument panel causes a greater awart The applica n potentia re 
ness of the potential of this process than ever befor: ar should probably be divided into three gz 
existed. s first fa the replacement of som, on wiring 1 
Printed circuitry or printed wiring; her te has nesses, It is this approach that is best represented 
me to cover just about iny method r app ng I conversion of a typica nstrument iste! Another 
electrically conductive pattern repetitive yt tT ns ng area ~ n the design of electrical components 
surface 
Production of Printed Circuits 
At the present time, there are more than a dozen way ynvertible top operators, and the ke, 
f commerc producing such parts, yet almost a f field is just opening. Electronic circuit desig 
these fall into two categories. There are } ng been aware of the benefits rintec d 
primarily electrochemical, and there are those that are lucing the complexity and size of a unit. So the 
essentially mechanical in nature. In the electrochemica the process through the use of such « va 
category, we include the most popular process; that of ind will surely continue 
etching a pattern on a copper clad laminate. Also included 
g I t Anything that could have eliminated 
are ‘tric Dp tlor printing, ‘nemicé reductior , } ’ 
ure ctrical deposi » P B, T . ng and hardware that dangles behind the modern das 
transfer plating, and vapor deposition I mechanica , : 
nsfer plating, ( I I : ‘ ward would have provided an improvemer r 
processes include the various forms of die stamping } 
i mportant than that it contains many of the keys to the 
well as spraying, powder pressing, abrasion, and t . , ' , 
I ' & a : iture of the process in our industry. In au g 
processes calling for stamping on molded shape vnere 
} B pace is money, particularly as engineering and styling 
the molded piece provides a die functior ‘ 
H panels, particularly those expanded 
This paper was presented at the Di Section SPE Third Annus ndicators, and switches, have been in complete conflic 
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Heat Generation and Expansion Effects 


in the Rheology and Molding of Plastics 


Herbert L. Toor 
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Figure 1. A capillary tube rheometer. 





SPE JOURNAI 


forced steadi 
The flow 
two ends 
or pressut 


il flow 


the pressu 
the equat 

so that the 
center t t 
shear stress 


1 and 


ther, given 
ally, one n 
capillary ar 
the integrate 
across the tube. 
meal I 
but in 

inder other 
relationship 
point. There 
data to 


the 


Overall Energy Balance 


The fluid which 
pressure than whe! 
lost flow energy. This 
the viscous friction whic 


by the stress-stralr 





thermodynamics states that energy can neither be created 
nor destroyed, this mechanical energy loss must appea: 
as some other form of energy, and most of it will appea: 
as thermal energy (heat). Part of this heat may be lost 
by conduction to the tube walls and the remainder will 
appear as a temperature rise of the fluid. 

If the fluid expands in flowing through the tube 
there is a cooling effect due to this expansion and th 
mean temperature rise is decreased. By means of a! 
verall energy balance, the mean rise in temperature is 
found to be (1) 


C, AT {qd T..€) po] (AP J) AKE 


where C. is the heat capacity, T,, is the mean absolute 
temperature across the tube, AT. is the mean tempera 


q (2) 


ture rise along the tube, p is the density, € is the co 
efficient of thermal expansion, J is a conversion constant, 
AKE is the change in kinetic energy, and q is the heat 
loss through the tube wall per unit mass of fluid. This 
equation is quite general and does not contain any 
rheological properties or geometrical terms. The kinetic 
energy term measures the energy change due to changes 
in the velocity of the fluid—it is usually small. The term 
T,.€ is a measure of the effect of fluid expansion. Rathe: 
surprisingly it is not negligible for plastics. For poly 
styrene it is about 0.2 and for polyethylene about 0.3. 
For an adiabatic tube where the heat loss is zero 
and for negligible kinetic energy changes Equation (2) 


reduces to 
AT [1 T,€)/J] AP pc, 


and it can be seen that for the above polymers the effect 
of expansion reduces the mean temperature rise by 20 to 
10%. For polystyrene the adiabatic temperature rise for 
a pressure drop of 10,000 lb/(sq. in.) is about 43°F. This 
rise is independent of the dimensions of the capillary and 
is relatively independent of the entering polymer tem 
perature 

Since the rheological properties of polymers are 
temperature sensitive, a temperature rise of this magni- 
tude would cause an appreciable increase in the rate of 
flow over what it would be if the flow were isothermal. 
At certain points the temperature rise can be much 
greater than the mean rise while at other points the fluid 
may actually cool. The quantitative effect of the mean 
temperature rise depends upon the dimensions of the 
apparatus as well as other factors so that rheological 
measurements made under these conditions would be in 
capable of describing the flow in another apparatus. If 
the tube wall is kept at a temperature equal to the iniet 
fluid temperature, part of the heat generated will be re 
moved by conduction to the wall. To estimate this heat 
loss (q in Equation (2)) and the effect of the tempera- 
ture rise on the rate of flow, the problem must be con 


sidered in greater detail than above 


Complete Adiabatic Flow 


ro a close approximation the rate at which heat 


generated per unit volume at any point in the fluid 
equal to the shear stress times the rate of shear, 

® (t/J) du/dr (4) 
and the rate at which heat is being consumed by ex 
pansion 15 

?. (Teu/J) dp/dx 


Both of these terms are taken as positive. 
The difference between these two terms gives the 
net heat released in the element and this must be equal 
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Figure 2. Theory predicts temperature effect at various 
distances from stream wall (Z). 














to the heat picked up by the fluid in flowing through the 
volume element plus the heat conducted out of the ele 
ment. The differential equation obtained by this proce 
lure (2) can in principle be solved with the flow equation 
to give a complete solution for the temperature and 
velocity at any point when the rheological properties are 
known. Thus, it is necessary to assume a rheological re 
lationship (or extrapolate one determined at lower shea) 
rates), solve the equations, and check the results against 
experimental data. 
A good deal of general information can be obtained 
from the energy equation without a complete solution 
Thus if we neglect conduction in the fluid we obtair 


Ipc AT (42r du/dr Teu) AP/J 


and AT gives the temperature rise at any point in the 
stream. If this equation is averaged across the stream 
it gives Equation (3) as expected. The term on the right 
is the net generation term which contains the effects of 
heat generation and expansion. The heat generation is 
a minimum in the tube center where the shear stress is 
zero and a maximum at the wall, while the expansior 
term is a maximum at the tube center and is zero at the 
wall. Consequently, the fluid at the tube center tends to 
cool while the material near the wall tends to heat 
If the rheological properties of the fluid car 


scribed by a power law of the form 
du/dt AT 


and if we neglect the effect of temperaturs 
logical equation, Equation (6) becomes 


AT [ (ten Z*/1 Z") e'] AP pC 


where ¢’ is defined as Te and Z is r/R. This predicts a 
linear fall in temperature in the center of the tube where 
Z = O, and an infinite temperature rise at the wall where 
Z 1. This can be seen in Figure (2) where Equation 
(8) is plotted for various n with ¢ 
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Although it is possible to have adiabatic flow as de 
scribed by the mean energy equation (Equation (3)) it 


is not possible to have complete adiabatic flow as describ 
ed by Equation (8). Heat will flow into the center of the 


tube by conduction from the hot regions near the wall, 


even if the walls are adiabatic, so that the rise near the 
wall and the fall in the center will tend to be leveled off 
Actually, the fall in the center from Equation (7) 


AT e’ AP Jpc, (9) 


is a good approximation for short tubes or high velocities 
where the conduction from the wall region does not have 


time to reach the tube center 


Isothermal Wall 


To take into account the conduction it is necessary 
to specify the conditions at the wall. Solutions of the 
energy equation are available for the case where the 


wall is kept at the temperature of the entering fluid, 


(3, 4) and the rheological properties are independent of 


temperature, as well as for the adiabatic wall case (3) 
These solutions are only first approximations but it ap 
pears that more accurate calculations which account for 
the variation of fluid properties with temperature will 
have to be done on computing machines. An example of 
this type of calculation is given by Gee and Lyon. (5) 

Figure (3) shows in dimensionless form the radial 
temperature profiles for a material such as polyethylens 
(4). X is the reduced tube length; (8X/5R) (k pc RU. ), 
where k is the thermal conductivity and U, is the mean 
velocity; Z is the reduced radius, r/R; and 6 is the re 
duced temperature (T — T,)/(R°U,, AP/10kx), where 
T,, is the wall temperature. As the polymer flows down 
the tube, the center cools by expansion while the material 
near the wall heats up by friction. Adjacent to the wall 
the temperature is held at the inlet temperature by con 
duction to the wall so the maximum temperature occurs a 
short distance in from the wall. 

It can be seen from these curves that the mean tem 
peratures calculated from the overall energy equatior 
only give part of the picture. Near the wall the tempera 
ture can be much higher than the mean v:z » and ir 
the center it will be much lower—in this case it will be 
less than the inlet temperature. 

The temperature at the center of the tube falls at 
first as given by the adiabatic equation, but after some 
distance this fall is arrested by conduction from the hot 
surrounding fluid. This is seen more clearly in Figure 
(4) where the temperature at various radial distances is 
plotted against tube length. At Z O, the tube center, 
the temperature rapidly falls at first and then begins to 
rise, but even for a very long tube the centerline tempera 
ture does not return to the inlet or wall temperature, 
because the cooling due to expansion is too great to be 
overcome by the conduction. 


Injection Molding 


In the injection molding process the work done 
the plastic by the plunger is not negligible. Essentially 
all this work is converted into heat by the end of the 
process and this heat added by the plunger is of the same 
magnitude as the heat added by conduction from the 
cylinder. 

For example, if a piston delivers its full pressure 
during its stroke (after compressing the solid polyme: 
particles) the work done per unit mass of plastic is 
P p- At 20,000 lb/in’® this is roughly 60 BTU/lb, enough 
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Figure 3. Reduced radial temperatures profiles when 
wall temperature equals inlet temperature; ©’ = 0.3 and 
n= 3. 




















Figure 4. Reduced axial temperatures profiles when wall 
temperature equals inlet temperature; ©’ = 0.3, n = 3. 
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energy to raise the temperature of polystyrene 130°F, 
1% of the total energy needed to heat 
polystyrene from 70°F to a molding temperature of 460°F. 


and equivalent to 36 


The energy added by the piston is converted into 
heat by friction during a cycle, but the details of how 
this conversion takes place are appreciably more com- 
plicated than in the rheological problem discussed above. 
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BLOCK COPOLYMERS 


Norman G. Gaylord 


} 6, New Yo 


block copolymers are made up of molecules which consist of alternating groups or 
“blocks” of different polymers. They are in effect a kind of “multiple graft” copolymer, 
and as such extend the range of possible “tailor-making” of polymers. Their methods of 
preparation and properties are discussed in this second of two articles, the first of which, 
Graft Copolymers, appeared in our last issue 
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methacrylate vapor and filled with chloroprene. The 
latter polymerized spontaneously, presumably over the 
original layer. By repeated alternation of monomers a 
macromolecular sandwich was formed. 

Block copolymers have been prepared in situ by using 
a mixture of a water-soluble and an oil-soluble monomer 
Acrylic acid or methacrylic acid was dissolved in water, 
and styrene was emulsified in the water phase. Using 
a persulfate catalyst or a hydrogen peroxide—ferrous 
sulfate mixture, polymerization of the acid occurred in 
the water phase until the growing chain diffused into 
a micelle containing styrene monomer, whereby styrene 
units grew on the polyacrylic acid chains forming a block 
copolymer. 

The trapped radicals remaining on polymer particles 
when an emulsion polymerization is taken to completion 
have been used to initiate the growth of a block of poly- 
mer derived from an added monomer. Thus, a block of 
polyacrylonitrile has been grown on polyvinyl chloride, 
polyvinylidene chloride, and their copolymers by adding 
monomeric acrylonitrile to a just completed emulsion 
polymerization of these monomers (7). Similarly, blocks 
of poly(methyl methacrylate) have been grown on emul 
sion polymerized polyvinyl acetate (1). 


Initiation by Activation 

The polymerization of a monomer in the presence 
of a polymer with a labile end group has resulted in block 
copolymerization. Styrene was polymerized in the presences 
of carbon tetrabromide or trichlorobromomethane to yield 
polystyrene containing a bromine atom at one end and 
either a tribromo or a trichloro group at the other end. 
When this polystyrene was dissolved in methyl meth 
acrylate and irradiated with ultraviolet light, cleavage of 
the carbon-bromine bond resulted in the formation of 
terminal free radicals which initiated polymerization of 
the methacrylate to form a block copolymer. The bromine 
free radical liberated by the scission of the terminal 
carbon-bromine bond initiated the polymerization of the 
monomer to yield poly(methy] methacrylate) (V) (8). 


Initiation by Rupture of Polymer Chains under Shear 
Under the influence of applied shear polymer chains 
can be ruptured to produce free radicals at the ruptured 
ends of the chains. Block copolymers have been prepared 
by utilizing the radicals from chain rupture to initiate 
the polymerization of a monomer present in the polymer 
being subjected to the shearing forces. When a mixture 
of two polymers is subjected to applied shear block 
copolymers are produced by the coupling of the free 


radicals at the ends of segments derived from the differ 
ent polymers. In practice, the products are actually mix 
tures of block and graft copolymers, since chain transfer 
in some instances results in the location of the free 
radical in a non-terminal position on the polymer chain. 
Further, since styrene is the only monomer whose poly- 
merization has been shown, to date, to terminate by re 
combination, the termination of two radical-containing 
fragments should be by disproportionation to yield one 
polymer chain terminated by a double bond. The copoly- 
merization of the latter with a free radical-containing 
fragment would yield a graft copolymer. 

The shearing forces utilized in the polymer degrada 
tion to produce free radicals include intensive shaking, 
high speed stirring, milling, kneading, grinding, pumping 
through gear and piston pumps, passage through filters 
and capillaries, and exposure to ultrasonic radiation. 
Among the polymers which have been subjected to such 
degradation are addition polymers such as_ polyvinyl 
chloride, polybutadiene, polystyrene, polymethacrylic acid, 
and polyacrylamide, as well as cellulose esters and ethers, 
linear phenol-formaldehyde condensation products, and 
linear phthalic acid—glycol polyesters. 

Mechanical agitation of the types described above 
has been used to prepare block copolymers by the degrada 
tion of various synthetic and natural high polymers in 
the presence of monomers. The operability of this method 
has been shown by the increase in molecular weight 
when polystyrene, polymethacrylonitrile, and poly (methy! 
methacrylate) are agitated in this manner in the absence 
of air, in the presence of their respective monomers 

Numerous block copolymers prepared in this manne} 
from viny! polymers and monomers are given in Table I. 
In addition, mechanical treatment of ethyl cellulose ir 
the presence of methyl methacrylate monomer, and of 
the polyamide hexamethylene trimethyladipamide in the 
presence of acrylonitrile, has yielded the corresponding 
block copolymers (12). 

Irradiation with ultrasonic waves results in the 
degradation of polymers and the production of free 
radicals. Thus, poly(methyl methacrylate), polystyrene, 
polymethacrylic acid, and polyacrylamide have been 
shown to yield free radicals under the influence of ultra 
sonic waves. 

The ultrasonic degradation of a polymer in the pres 
ence of a monomer has been used in the preparation of 
block copolymers. Although initial attempts to polymerize 
methyl methacrylate, styrene, and vinyl acetate in the 
presence of degrading poly(methyl methacrylate) were 
inconclusive, block and _ graft 
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H.;\COOCH 
MMA block copolymers by the cross 


copolymers have been success 
fully prepared from polyacryla 
mide-acrylonitrile (10) and 
polymethacrylonitrile-acrylon 

trile (12). 


The simultaneous degradation 
of two different suitable poly 
mers results in the formation o 


¢ 


termination of the resultant 
radicals, Ultrasonic degradation 
of a mixture of polystyrene and 
poly (methyl methacrylate) has 
resulted in the preparation of a 
block copolymer which is pro 
bably of a sandwich type since 
any copolymer formed can 
undergo further degradation (1) 
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PaBLeE I. BLOCK COPOLYMERS PREPARED BY MECHANICAI 
in a Banbury r similar masticat . RUPTURE OF POLYMER CHAINS IN PRESENCE 

The olvmerization OF MONOMERS 

Polymer Monomer 


the abser 


block polymers 


methy! methacry] 


Acrylamide Acrylonitrile 
ble up to complete polymerizatior Isobutylene Acrylonitrile 


trile, acrylic acid, methacrylic 1, hyl and ethy Styrene 


natural rubber has 


Vinylidene chloride 
Methyl] acrylat Vinyl chloride 
Vinylidene chloride 


acrylamide, and 
nterpolymers 
insuccessful 
Methacrylonitrile Acrylonitrile 
Methacrylonitrile-co Methy!] methacrylate 
yl chloride 
composit Methacrylonitril 
asticatior Styrene 
moncmers Viny! chloride 


Vinylidene cl 


mately 
1 ffe ence 
prene— vl n a \ e sey 
vm Vinylidene chloride 
Vinyl chloride 
Methy!] viny 


Methyl methacrylate 





Prone 


to produc 


Initiation by Polyfunctional Initiators and Chain Transfer 
Agents 


monomeric \ i Vv: 1 ‘ | ' 
rubbe 


alone o 


homogeneou 


mers sucl 
have beet 


rubber, 


al 
cold milling and mas 
tomers. Natural rubber, 
chloroprene, and poly (butad 
cold milled in pairs to effect block copolymerization (2) preg en 
a tig ad I oOlVvVNn , 10 o! ‘ond n omer to forn 


Cold n ing of polyel loro 





under nitroger produces gel, 
whereas natural rubber car be 
milled without gre formatior 
However, milling of mixtures 
f polychloroprene natural 
rubber has_ produced con 
taining } latter. Polychloro 
prene-natural rubber mixtures 
1ave beer cross-linked by mag 
oxide with rubber bound 
the VI , 

not before 

A Banbury mixer * a rub 
ber mill has beer used te 
produce block copolyn ers fron 
blends of polystyrene, high 
styrene-low butadiene resinous MMA—MMA—MMA—MMA 
copolymers, and high butadiene 
low -styrene rubbery copolymers 
The products are tough m: 


of exXce llent impact re sistance 
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). By this method block 
0 per cent styrene have 
polyvinyl acetate was pre- 
ide, and the polymer then 
a block copolymer containing 
the other hand, the styrene 
vas unable to initiate vinyl 
polymerization. 
vie has been found to 
monomeric methyl meth 
buted to the presence of 
been incorporated into the 
ng its preparation. Methy! 
a copolymer which has 
ly(methyl methacrylate) 
ts monomer, the peroxide 
adicals which initiate poly 
on of styrene monomer in 
methacrylate) results in the 
a block copolymer 
ene using m-di(hydrope 
nitiator results in the 
~ontaining hydroperoxy end 
solution of this polymer in 
soap solution, followed by 
decompose the hydroperoxy 
ion of a block copolymer 
are active 
reaction apparently 
in alpha carbon 
ipable of reacting with a 
iining a basic residue 
the presence 
of tertiary base, 
terminal base residue. 
polymer can act as a trans 
neriZavior 
‘tion has been utilized in the prepa 
wlymers. Poly(methyl methacrylate) 
presence of triethylamine, and the 
|. The polymerization of acryloni 
presence of this polymer to 
taining from 600 to 2000 
200 methyl methacrylate units 
rtiary base residue (VII) (5). 


At low temperatures the radical ends 
a species 

:>CHX—CH-—CH.CHX 
which does not terminate but consumes a 
to produce a “living” polymer, via a carbat 
zation mechanism. 


The addition of styrene to a tetrahydrof 
of sodium naphthalene resulted in a change 
solution to a deep red which persisted eve 
polymerization at —80°C. was complete. If 
amount of styrene was added, the polyme 
again and the reaction again proceeded 
If after the completion of the first polyme 
i.e. the preparation of polystyrene, a seco! 
such as isoprene was added, a block polyme: 
of Ue te 6 es es Been BS is He TO 
a third monomer resulted in the format 
copolymer of the type C.A.B.A.C. conta 
block on each end. 


Coupling of Addition Polymers 


Addition polymers containing 
have been prepared by the polymerizat 
mers initiated by specific catalysts. 

The polymerization of styrene employ 
cyano-n-valeric acid) as initiator has y 
containing a carboxyl end group. Si 
the case of styrene occurs by combina 
contained a carboxyl group at each 
tion of methyl methacrylate with 
poly(methyl methacrylate) containing a 
at one end, since termination in this case 
tionation. In the case of vinyl acetate and n 
polymerization the polymers also contained 
end group. The carboxyl groups in these | 
converted to the corresponding acid chlorides 
with thionyl chloride. Coupling was carried 
ton with 1,6-hexanediol or 1,10-decanediol (4). 

By this method a block copolymer conta 
blocks of poly(methyl methacrylate) coupled by the 
col through ester linkages has been prepared (\ 
Similarly, blocks of polyvinyl acetate as we 
of poly(methyl acrylate) have been coupled by 
In the case of polystyrene which contained carbox 
at both ends the block copolymer contained 
of polystyrene blocks coupled by 





ul | 
Lc 


XVII 


A block copolymer of styrene 
methacrylate, in which one bloc! 
100 units of = styrene 


blocks of 
late each of 


tween two 
approx 
has been prepared in 


ner. 


The polymerization of 





Carbanion Initiation 


ntly been prepared involving 
transfer to monomer (14, 15). The 
c sodium with an aromatic hydrocarbon 


} } 


halene vields a colored, soluble complex 
ilymerizati of conjugated olefins via 
I proce Ss 
n)napthalene (—ion) styrene 
styrene (—ion) naphthalene 
omer 1on may be represented as 


CHX—CH:: or *CHX—CH:: 


presence of hydrogen  peroxid 
rous sulfate at a low temperature yields 
containing terminal hydroxyl groups. Simil: 
merization in solution using a p-bromobenzoy 
ferrous ion-benzoin initiating system gives a 
with terminal hydroxyl groups. Reaction of th 
containing polymer with a diisocyanate yi 
copolymer (IX). Diisocyanate coupling rez 
cussed more fully in a later section on 
polymers. 


The reaction of polyethylene with sulfu 
or a mixture of chlorine and sulfur dioxide yi 
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CONDENSATION COPOLYMERS 


Copolymerization and 
Interchange Reactions 
Altho 


f block 


the 


the copolymerizatior 


igh initial reports or attempted prepara 


< copolymers by 
vith polyoxyethylene glycols 
that the 


po. t 


terephthalic acid 


‘ular weight indicated polymers 


ww melting excellent 
high 


f polyethylene terephthalate 


melting points have beer 
ymers ¢ 

glycols (6). 
of yx 

dimethy! te 


lvethvlene terephthalate have 


rephthalate, ethylene 


ounts of polyoxyethylene glycols 


Ivwmers consisted of am yrphous 


the crystal 
As mucl 
did not 
block 
of 


olyethylene terephthalate. The dyeability, mois 


interspersed among 

(XV) 
phous component 
point 


and extensibility 


ate blocks 


ing while the 


etained the tenacity ul 


and flexibility were all materially increased 
terephthalate 


blocks 


copolyesters of polyethylene 


the secondary were 


of adipic, 


polyoxydecamethylene glyco 


hvd 


d from as 
of 2,2’-bis(p 
and ethylene oxide (XVI). 

The fact that the of 


copolymers and not melt blends of polyethylene terephtha 


cactior products oxypheny 


products these eactions are 


late and polyoxyethylene glycol was shown by the incon 
patible 
together for eight hours at 275°C. 

Wher of 


adipamide ) nylon 


mixture obtained by heating the two components 


mixture 6,6 


6,10 


a nylon (polyhexamethylene 


and (polyhexamethylene sebaca 
heated 


oecurred. 


nitrogen at 290°C., amide inte 
the the inte 


resulted in the formation of block copo 


mide) was under 


change During heating, rchange 


reaction ymers cor 
taining blocks of 6,6 nylon linked to blocks of 6,1' 
At the end of l 


was either a block copolymer of uniform composition or a 


) nylon. 
two hours equilibration resulted what 


true random copolymer. 


Coupling of Condensation Polymers 
Block copolymers have been prepared from cor 


aensa 


tion polymers by a stepwise procedure wherein the blocks 


th rough te rmil 
liffer 
block 
If 
term 
of 
block 


are prepared separately and then couple¢ 


nal reactive groups. If two polymer blocks contair 


ent terminal which capable of reaction, 
of 
the two polymer blocks contain the same or simi 
bifunctional 


such 


groups are 


copolymers are formed as a result such reaction. 


lar 
agent capable 
to 


nal groups, a coupling 


reacting with groups is used prepare 


copoly mers. 


Coupling by Reactive Terminal Groups 
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Polyesters containing 


reac 
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Il 

tive terminal groups have 
been prepared and coupled to 
vield block copolyesters. Thus, 
poly 


thalate) 


(decamethylene isoph 
id chlor de 
end groups was prepared 


with ac 
by 
reacting decamethylene gly 
slight excess of 


chloride 


with a 


ind 


sophthaloyl 





carrying the reaction to sub 
Pe 


terephthalate) 


stantial completion. ily-(de 
c a methylene 
with hydrexyl end groups was 
prepared by reacting 


decamethylene glycol with 


excess 





H, 


OCH,CH,OCH.CH.O 


H.O1 


terephthaloyl chloride. The 
reaction of substantially equi 
valent proportions of the two 
yielded a 
block copolymer (XVII). A 
block of tetra 
methylene terephthalate and 
tetramethylene isophthalate 


initial polyesters 


copolyester 


was prepared in an analogous 


manner. 


A block copolyester of te- 
tramethylene terephthalate 
and pentamethylene dithio 
terephthalate prepared 
by reacting poly (tetramethy 
lene terephthalate) with acid 
chloride end groups, from te 
tramethylene glycol and tere 
phthalate) with mercapto end 
groups, from  pentamethy- 
lene dimercaptan and tereph 
thaloyl chloride (XVIII) 


H.CH,O 


was 
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A polyester having terminal acid ch 
has been used to couple two polyesters having 
hydroxyl groups. 

A number of commercially important block cop: 
mers are based on the reaction of alkyd resins 
polymers containing reactive groups to give usefu 


ing compositions 


Hydroxyl-containing addition polymers suc 


tially hydrolyzed vinyl] chloride—viny! acetate copolymers 
to give block ce polymers 


fe 


can react with an epoxy resi! 
Coupling by Non-polymeric Polyfunctional 
Coupling Agents 


Various non-polymeric bifunctional compounds have 


been used to couple polymers containing reactive groups 


Poly (decamethylene isophthalat 





XVIII 


(decamethylene terephtha ate) 
terminal hydroxy! groups, hav 
by condensation with a diz 
terephthaloy chloride Tv 
] 


ry terminal acid ¢ 


aving t 


oupled by mez 





The so-called alkyd-amine resins are generally cross 
linked block copolymers resulting from the interactior 
of an alkyd resin and a urea- or melamine-formaldehyde 
resin. The alkyd resin contains hydroxy] and c: 
groups which react with the methylol or butoxy 
groups of the amine-formaldehyde resir 

The alkyd-silicone resins result from the react 
the hydroxyl and carboxyl groups of the alkyd resir 
the hydroxyl groups of the silicone resir 

Epoxy resins, prepared by the condensatior 
chlorohydrin with a polyhydroxy compound such 
bis-(p-hydroxyphenyl) propane or glycerol, cont 
ondary hydroxy groups and terminal epoxy gr 
are capable of reacting with functional groups 
mers to form linear or crosslinked block copolyn 

Polyamides containing termina primar 
groups and internal secondary amine groups 

neing 


to cure epoxy resins and give block copolymers ra 


from rubbery, resilient solids to hard, tough, shock 


resistant masses, depending upon the molecular 
and structure of the polyamide and the ratio of p 
resin to epoxy resin 

Polysulfide liquid polymers are mercaptan-te1 
chains which are capable of reacting with tl 
groups of the exoxy resins to give block copolym: 
mercaptan groups occur occasionally along. the 
sulfide chain and participate in crosslinking re: 

The properties of the products, ranging fron 
highly flexible compositions, depend upon the 
polysulfide polymer to epoxy resin. 

Various aldehyde condensation resins are us¢ 
conjunction with epoxy resins to give block copolymers 
which are used in coatings and adhesives. Thus, phenol 
formaldehyde, urea-formaldehyde, and melamine-forma 
dehyde resins contain methylol groups which can react 
with the hydroxy and epoxy groups of an epoxy resi! 
to give block copolymers which are highly crosslinked 
and heat-resistant. 

Alkyd-amine resins can be blended with an epoxy 
resin to give a somewhat more complex block copolymer 
system. 

The hydroxyl groups of an epoxy resin can react 
with fatty acids to form esters which are soluble i: 
hydrocarbons and oils. With unsaturated fatty acids 
such as dehydrated castor and linseed types or rosir 
acids, tall oil or dimer acids, the resultant resins have 
drying characteristics and give cured block copolymers 

The epoxy resin esters based on unsaturated fatty 
acids can be copolymerized with vinyl monomers such 
as styrene or acrylic esters to give complex block copoly 
mers containing units based on addition polymerizatior 
and others based on condensation polymerizatior 
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lowever, contail polyester by means of a diisocy: 
their turn are in a merizing the resultant unsaturated 
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ion with these reactive terminal hydroxyl groups 


network formatio1 vlene diisocyanate to yield 
inited at rela socyanate groups. Reactior 
a network, liethylene glycol maleat 
astic properties polyester which is copoly 
presence of be nzoy! perox 
polyester may also be prepare 
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PROJECTION 


The interaction of poly 
eactive groups has long beet 
of new compositions possessing 
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for the preparation of block copolyme1 
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[' is well recognized that today’s 


dern extruder was developed 
through a series of logical improve 
ments to the “old Rubber Tubers’”’. 
ost of the developments have been 
ved without too much discussion 
fare, although the extended 
extruder and vented extruder 
ween subject to considerable dis 

Issior 
Ir order that terminology be 


thoroughly understood, the screw 
ength is expressed in terms of length 
(L) over Diameter (D) ratio. “L” be 
ng the effective screw length or the 
ength from the rear of the feed hop- 
per to the end of the screw, “D” is 
the nside dlameter of the barrel 
Hence diameter extruder with 
30” effective screw length would be 
said to have a 15-1 L/D ratio, It 
should be noted with respect to this 
that there are some minor discrepan 
ies within the industry in that some 
xtruder manufacturers, in referring 
the length, measure from the front 
of the feed hopper. In some cases the 
liameter refers to the diameter of the 
crew rather than the barre 
Prior to 1946, few significant ad 
inces had been made on the develop 
nent of longer screws. Screw lengths 
that time ranged from 6 to 16/1 
thought then was primarily for 
1¢ screw to convey ind melt the 
polymer under some pressure, forcing 
t through a die. This produced satis 
factory extrusion, but did not take ad 
antage of the many variables avail 
ible for high quality extrusion, beside 
temperature and screw speed 
Being aware of this, Hartig develop 
the first 21-1 L/D screw in 1946, 
ind hriefly thereafter, the 24-1 ex 
truder, and more recently the 30-1 
extruder. 
Covered below are the major advan 
tages of extra long screws 
1. Extrusion pressures. Far mors 
stable extrusion pressures are attain 
ible by using a 21/1 screw, thereby 


Forty 


Machine Co. 


Ne i Jersey 


obtaining better tolerance on the ex 
truded product. 

2. Heat can be introduced to the 
polymer at a much lower temperature 
gradient, this being of extreme value 
on materials like vinylidene chloride, 
polyvinyl chloride and other very 
heat sensitive materials. 

3. Extruder output. Increase in out- 
put can be obtained ranging up to 
D0 

i. Mixing. Better homogeneity of 
the resin is possible, which opens tre- 
mendous fields beyond extrusion as 
known today. Extensive laboratory 
tests on 30-1 extruders have proven 
this. 

5. Venting or devolatizing. Pre 
viously plasticizer, moisture, air or 
solvent removal had always been re- 
ferred to in terms ranging from 3% 
to 5%. Larger quantities were almost 
impossible to remove. By means of 
extra long screws, it is possible to 
talk in terms of 40% now 


In a discussion of this nature it 
must be realized that there are a 
great number of variables that affect 
both extrusion output and quality. Be 
cause of this it is not possible to 
make specific statements concerning 
extrusion without considerable qualifi 
cation. Consequently, the precise ef 
fect of longer screws will depend to a 
large extent on the particular set of 
circumstances under which it is 
operated. Some of the more important 
variables are plastic raw material 
properties, screw geometry and di« 
resistance. The advantages indicated 
above are typical of the improved 
operation noted on extended barrel 
machines in commercial applications. 
The degree of improved output and 
or quality will depend on the interac 
tion of the many variables involved. 

It is generally concluded that long 
er screws are capable of higher pre 
sure development and with proper de- 
sign, this is possible. It should be 
realized, as recently pointed out by 
Mr. A, Kennaway of ICI in his talk 
on “Some Recent Developments in 
Extrusion” delivered before the 1957 
International Plastics Convention, that 
in some instances the region of high 
est pressure occurs ahead of the 
metering section. Under such circum 
stances, the metering section per 
forms as a resistance and flow regu 
lator and in such instances one would 
not expect increased output but would 
anticipate an improvement in quality. 

It is in order to mention here that 
the uncertainty as to where the maxi- 
mum pressure occurs along the screw 
length complicates considerably the so 
called simplified approach to screw 
design calculations. In the simplified 
approach it is assumed that maxi 
mum pressure occurs at the end of 
the screw. 

The following are some field obser 
vations that have been made indicat- 
ing the advantages of longer barreled 
extruders (turn to page 42) 


The extended extruder barrel gives greater control and more com- 
plete mixing action and removal of volatiles than ever before possible. 
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MARLEX 50 


POLYETHYLENE 


Liquid-tight pouches made from 
MARLEX 50 film are ideal for packaging 
foods or industrial products that are oily, 
wet, frozen or hygroscopic. Foods can 
be boiled in flavor-sealed MARLEX 50 
packages. MARLEX 50 film is imperme- 
able to moisture and most chemicals, and 
new extrusion techniques yield film with 
the burst strength and clarity of conven- 
tional polyethylene film. 





gazes.) 


=a tes 





New Sales Service Lab at Bartles- High strength and resistance to heat, Sterilizable MARLEX 50 film is 


ville is completely equipped with latest 
commercial processing machinery and 
research apparatus, including environ- 
mental test chambers. Phillips experi- 
enced technical service staff will assist 
you in developing new products and 
processes using MARLEX plastics. Please 
make arrangements through your local 


cold and moisture adapt MARLEX 50 
film to many industrial and agricultural 
services for moisture barriers in 
building and highway construction, gar- 
ment bags, drum and carton liners, pro- 
tective and insulating tapes, high-altitude 
balloons pond liners, irrigation 
ditches, mulch, greenhouses, silo caps 
and liners, protective covers, etc. 


suitable for packaging drugs, medical 
supplies and instruments covering 
operating tables and many other 
hospital uses. Controlled orientation in 
processing yields a tough, clear, heat- 
shrinkable film. Excellent stiffness and 
slip and non-blocking characteristics 
make MARLEX 50 ideal for use in high- 
speed packaging applications 


MARLEX sales representative. 


*MARLEX is a trademark for Phillips family of olefin polymers 





PLASTICS SALES DIVISION, PHILLIPS CHEMICAL COMPANY 
A Subsidiary of Phillips Petroleum Company, Bartlesville, Oklahoma 


AKRON CHICAGO WESTERN SOUTHERN & FOREIGN 
111 S. York Street, 330 Security Bldg Adams Building, 

Elmhurst, tt Pasodena, Calif Bartlesville, Okichome 
TErrace 4-6600 RYan 1-6997 Bartlesville 6600, Ext. 8108 


\ NEW ENGLAND NEW YORK 

DISTRICT 322 Waterman Avenue, 80 Broadway, Suite 4300 318 Woter Street, 

OFFICES } East Providence 14, R.! New York 5, WY Akron 8, Ohio 
GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 
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for plastic molders... 


IMI PLEX A 


...for outstanding toughness—a modified acrylic 
molding powder in the medium price range 





Now ... from Rohm & Haas, pioneer in 
SNSSS THIS COMSINATION acrylic plastics ... IMPLEx A, a modified 
OF SSSIRASLS SCROMENTICS: acrylic molding powder with toughness 
High impact strength and stability at an economical price. 
a Cae ee IMPLEX A is durable .. . resists breakage, 
Low water absorption aging, discoloration and staining. It is 
now being manufactured in commercial 
Excellent resistance to staining quantities, with increased production due 
SEPORSS, RESTS, SSS Cree, Uae, in several months. Write for technical 
coffee, etc.) . 
data, prices and samples. Please mention 
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SPE Plastics Institute Committee met December |1 in the offices of F. J. Stokes Corp., Philadelphia, to 
prepare the model of the proposed plastics institute for presentation to the January, 1958, SPE National 
Council meeting. Pictured are: seated, left to right, Jerome Formo, chairman, Plastics Institute Committee; 
Frank McGrew, Arnold M. Varner, and Louis Rahm. Standing, left to right, Buddy Ross, Allan A. Hutchings, 
H. S. Nathan, SPE vice president; Harry Dubois, Ken Gossett, SPE National secretary; Eugene Quear, Jean O. 
Reinecke, Jules W. Lindau, SPE national treasurer; and T. A. Bissell, executive secretary. 

William O. Bracken and Dr. Gordon Kline, members of the SPE Plastics Institute Committee; Peter W. 
Simmons, SPE national president, and Frank H. Carman, technical director of the manufacturing Chemists 
Association, also participated in the discussion. 
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“Progress Through Plastics Engineering’’ 
The 14th SPE Technical Conference 
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Left: This model of the solar system stands in the entrance 
hall of the Institute of Science at Cranbrook. 


Lower left: A view of the Detroit expressway interchange 
in the heart of the city. 
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Preplastification for Injection Molding 
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Squires, E. I. du Pont de Nemours & ( 


ngland 
: Forming of Aerosol Containers of ‘Zytel’ Nylon Resins 
Power and Heat Energy Relations in Polyethylene Extru I B Pattor 1 RM. Bom e I du Pont d 
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Dr. Hugh M. Hulburt and Dr. Star 


Cyanamid Co. 


Epoxy Resins and Embedment 


Characteristics of Flexible Epoxy Resins by Dr. W. J. Be 
nger and H. C, Klassen, Jones-Dabney Division, De 
. Co. 


Radiation and Plastics - || 


lonizing Radiation by A. John Gale, rh tage voe & Reynolds 
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Density Polyethylene \. Spaak, W. R. Grace & ¢ 
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Friction and Abrasion Characteristics of Plastic Materials 
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Luncheon—Charles A. Chayne—''The Future of Plastics in the Automotive Industry’’ 
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Wilbur Kupfrian, Otis Fa 
Jarvis Dew, the director \ 
retired. These men were in ntal t il wl n be le n analy ninates,” and “Foaming 
in forming the new sectio1 01 tically é ducible mat nd ‘he group meets every 
tributed to our success } CO! } } ime til . We must levelop day of th month, Octo 
vell-established during our first year inda esin Vv 1 has reproduc } This year ther 
The speaker for the evening wa laracté tics ove ctends rate n ting Decen ber 
Mr. A. J. Guzzetti, Development tand I 
partment, Bakelite Corporation, Hi \ detail ! i yt t ! ing 
subject was “Shrinkage if Thermo meth vid i t on Officers of the gr 
sets” vill I le to compare Wadtke, Chairman; Duey 
Mr. Guzzetti discussed the é Vice Chairman; Dr J 
chanisms by which molding shrinkage ( t ti co nor vi secretary ; Travis t 
curs, The three mech: u oO to ec re} Walter M. Stark 
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ELIMINATE 
BLOCKING and 
STATIC in your 


POLYETHYLENE 
PRODUCTION 


pecify 


Your 
polyethylene supplier will be 
more than happy to supply you 
with a complete formulation 


containing SLIP-EZE. 


prevent static, tackiness 
blocking . . . 
Speeds up Polyethylene 
extrusion 15° 


but 


will nof 
discolor plastic 


make plastic greasy 
Approved by the 
Food and Drug Administration 
Manufacturers Of Additives For 
The Plastics Industry 


Write or Call: 


RGANICS, inc. 


211 EAST 19th STREET 
NEW YORK 3, N. Y. 
GRamercy 5-1030 


Philadelphia 


Advances Noted 
In Phenolic Resins 
E. G. Schwab 


The joint meeting of the Philade 
phia Sections of SPE-SPI was held 


on November 26, 1957 at the Frank 


lin Institute. Prior to the meeting a 
dinner was enjoyed by members and 
guests in the Franklin Room of the 
Institute. We were very fortunate to 
have as speaker for the evening M1 
Herbert R. Clark, technical represen 
tative and Philadelphia office mana 
the Bakelite Company. M1 

a member of this section for 

years, spoke on a remarkable 
advance in phenolic materials by 
Bakelite, namely BMM-7000 Black 25 
and Brown 15 According to Mr 
Clark, tnere has never before peel 
a phenolic material on the market 
quite like BMM-7000. It has the fast 
est cure speed and yet though seem 
ingly contradictory, it has a_ wide 
molding latitude and a fast mold clos 
ing rate. These characteristics plus 
fast electronic preheating combine to 
give the fastest cycles yet with phe 


nolic molding material 


It was pointed out that the pres 
sure of consistently rising cost has 
placed greater and greater emphasis 
on getting the utmost in efficiency 
and economy out of any molding ope 
ration. Reductions in cure time of 
up to 50 per cent made possible by 
this new two-step, extra fast gene 
ral purpose material has presented a 
new opportunity to reduce cost and 
nerease productivity. 

t 


Slides were used in the program to 


llustrate laboratory test results 
Comparisons were made with a typi 
cal two-step phenolic and a fast cur 
ing one-step type. It showed how the 
cure speed of BMM-7000 is faster and 
increases with increasing molding 
temperature, In the hot rigidity test, 
BMM-7000 once more proved super 
ior. It enables the molder to pul 
parts out of the mold sooner, there 
by reducing the time necessary to 
cure. However, because of the greate 
rigidity, smaller undercuts in the 


molded piece are required. 


Molding latitude, which describes 
the range of temperature over which 
a material can be preheated and still 
fill the mold out at a given pressure, 
is another advantage of _BMM-7000. 
The wide molding latitude curve of 
this new material makes it suitable 
for molding large pieces despite its 
remarkable fast cure speed. The 
electronic preheating rate is faster 
for BMM-7000 and, therefore, consi 
derable less preheating than normal 
is required, 


er interesting pol 


the talk was the fact that this mate 
ial allowed an unusually fast mold 
closing time. Considering the fast 
cure property it is strange to find 
BMM-7000 admirably suited for 
presses with fast or slow ram speeds. 
Good molding latitude is what makes 
this possible 


To insure faster cycles and opti 
mum properties in finished pieces an 
approximate mold temperature of 
340°F should be employed. If pre 
forms are used, preform temperatures 
of 230°F is suggested. In reference 
to degassing if it is necessary, field 
trials have established ar 
breathe to be preferable. Mr. Clark 
had samples of different moldings t 
show the reductions in cycles obtair 
ed using BMM-7000. A movie et 
titled “Design of Molded Phenolics” 
prepared by Bakelite Company wa 
shown after the talk 


earlie 


An excellent report was presented 
by Adolph Kissileff summarizing 
q *hila 
delphia Section in reference 
activities and subject preference for 
future programs. Mr. Kissileff stated 
that the results were very helpful to 
the officers for planning next year’s 
meeting. Forty percent of the section 
membership responded, which is cor 
sidered very good. In Mr. Kissileff’s 


analysis of the survey weak points 


+ 


recent survey conducted in the I 


os 


erety 


in the preference of subject matte 
was evident among the survey part 
cipants. For instance, personnel ra 
ted last on the list of sixteen subjects 
regardless of the fact that it is of 
primary importance and concern to 
any company. This has been found 
to be a weak point of many company 
managements. Mr. Kissileff has spent 
many years as a management con 
sultant and is qualified to discuss 
this subject. His remarks were well 
received and the members were re 
quested to give the report cor sider 
able thought 


Program Chairman, Mr 

patrick, announced a tentative pro 
gram for 1958. The topics for the 
January and February meetings wil 
be, “Color and Pigmentatior for 
Thermoplastic Materials” and “Mold 
Design and Construction” respective 
ly. A plant visitation will be schedul 
ed for March or April. A complete 
schedule will be announced at a late 
date in the Section’s News Letter 


Jack Lay passed away on Novem 
ber 2, 1957 at the age of 57. Mr. Lay 
was continuously employed by the A 
H. Wirz Company, Chester, Pennsy] 
vania since September 25, 1918 

He was a member of the Philadel 
phia Section of SPE approximately 
10 years. Mr. Lay was an ardent 
golfer and fisherman and a_ persor 
who enjoyed everything in which he 
participated. He had many friends 
particularly in SPE 


SPE JOURNAL, January, 1958 





Plastics in Airborne 


Sanden FOUR HELPFUL SERVICES 


\ booklet containing reprints of : 
the papers presented at the South UM 
- od \ BERYLL! Injec 
ern California Regional Technica \ COPPER Maat Molding 
Conference on “Plastics for Ai? CASTINGS Ochines 
borne Electronics” is now available 


Copies may be obtained Dy send 
ing a check for $3.00 to Jack Fu 
ler, c/o Hercules Powder Co., 3460 
Wilshire Boulevard, Los ngeles £ 
California 


Papers read at the conference co 
vered the following subjects: Effects 
of Hardeners on the Electrical Pro 
perties of Reinforced Epoxy Lami 
nates, Prediction of Mechanical Pro 
perties Through Determination of 
Electrical Properties of Plastics, as 
Influenced by Cure Conditions, Ino 
ganic Plastics and Synthetic Mica for 
Electronic Systems, New Develop Standard Tool Company offers the plastics industry 
ments in Isocyanate Based Polymers, four lines of help to produce better plastic product 
Silicones in Electric Systems, Encap at lower cost. If your interest is in molds or beryllium 
sulations for Airborne Electronic copper castings or injection molding machines or fab 
Systems, Polyurethanes in Electronic ricating machines Standard has the plant the ex 
Systems, Plastic Coatings, Quality perience and the skills to help yc 
Control of Printed Circuits for Air 


bo e Elec ‘0 * Syste is, ane I 1e 
‘esta pep Me on pe Se a S TAN D A R D T O O L C O M PA N Y 
Antenna Window Materials for Elk 


vated Temperature Usi 214 Hamilton Street, Leominster, Massachusetts 


IMNI PRODUCTS CORPORATION, Export Distributors, New York, NY 


IMPCO HA8-275 














750 Dry Cycles Per Hour ane 
at Full 14%" Stroke WV\' B MACHINERY INC. 


Nashua, New Hampshire 


with this 8-10 ounce machine I 





Sherbrooke, Quebec 





Send today for Bulletin P-114. Seat Mettitine: Mea teen aan 
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West New England ing was Mr. Larry Gentile, of Mr. Dagne opened 


Spencer Chemical Company, Kansas description of the impo 
ity, Missouri. Mr. Gentile was intro science of quality contr 
Annual Party Held luced by Mr. Dick McAllister, and his ganization of the Hoo\ 
topic was nylon 6. Mr. Gentile told I ler the vic Elias 
C. Judd Holt, Jr — “ie nder the vice-preside! 
Jr. ot the background of nylon, begin of production, quality « 
ning with its development in 1932 by the same level in the o1 
ye @ vw +} ers F 7 P + q: 
Dr. Carruthe1 f DuPont. i 1938, the works manager ha 
yo on patented and one of the fore, has equal importance 
first uses was for tooth brush bristles. 
In 1941, nylon attracted nation-wide 


han one hundred met 
attended the sect 

nner-dance on December 6 
heraton-Kimba H 


d, Massachusett 


production unit, The qu 
, . : group divides into Lins 
attention for its use for ladies hosery - 


rogran neludec i kt ; ‘ a am : functions, with nspect 
From 1950 to 1957, the use of mold- functions, / _ 


morgasbord ine Ane activity including rec: 
ng resin in this country increased Line ac wees , d me 
! wer lavotr é | 00 » ’ ; ‘ePSSING inishe roods 
“ey from 2 to 20 million pounds annually cessing, ‘inishead goods, 
; . ment, salvaging, and tro 
There are several types of nylon rae ' 
a * Peng er ng. Information secures 
eing produced but Mr. Gentile’s talk 
concerned mainly nylon 6, which is 
ompany) \\ q - : 7 
. D easier processed than some of the 
urd F ud 0 | “r : : 
; 7 : ther types. Nylon 6 is mainly used 
) oratio , A d . 
oo = ; mis " I njection molding but extrusion is 
(Pro-Phy-Laxc raining rapidly 
Wesley I Larso { ( + : + Ti ) ' r 
. Some ypical end-use applications wo main points, 


+} 


tion is analyzed by é 
which determines proce 

and use, the inspection data 
dying the status of qua 


Vare 


Raymo * f injection molding, extrusion, and quality control, weré 
centrifugal casting, were shown | the speaker: use of 
ustrating the many excellent physi distribution, and samp 
al properties nylon 6 possesses. amples and charts the 

of 


4 considerable number of que stions ed the usefulness 
on e floor showed the extreme in frequency of occurrence 


terest in nylon by those attending and with respect to specif 


as proof that this was one of the bet manufacture of a part 


have had this vear been useful in checking 


Southern 


. ter programs we 
Nylon History cin, is ols toele 


And Uses Told Toledo can be widely — 


By means tr: 


E. O. Redwine and R. E Welch . of beads and a samplings 
Quality Control speaker demonstrated 
good sampling plans, W 


Demonstrated ee 
cent quality level a sample 


be adequat 


| fuliar meeting Was eld Mor 
g November n the Arcl 
re ig 1e< e netitiut Rriile y . 

‘ a . Te aaa. Ao nai * meni — R. E. Dunham found to _ 

‘ ‘ ¢ while with a 3.5 pe 

Mr. Hart, the meeting wa The regular meeting of the Toledo vel, 150 did not predic 
er by Mr. Veazey LeCraw Section was held on November 19 at the lot so as to bring 
ons were presented for the Harrison’s Ranch House. After a jections justified. 
Directors and four people short business meeting, Mr. Delme1 An open discussion, 
mailed ballots, be C, Dagne, quality engineer of th centered on the use of 
December Hoover Company, spoke on “Some trol in plastic operations 
November Techniques of Quality Control.” ver Company, concluded 





AUTOMATIC 
HOPPER LOADER 


handles ALL plastic materials! 


The Whitlock loader transfers all Thermosetting and thermoplastic material 
from floor level to your hoppers. Our filter cone attachment makes it eas) 
to transfer all dry colored and fine powder plastics without creating a cloud 
of dust just place the suction intake tube on top of the material press 
the starter buttor the tube pulls itself into the material. Automatic cor 
trols keep a constant supply of material in your hoppers 

All models operate from your plant air supply. They are ready for prompt 
elivery various sizes are available with rated capacities up to 2,000 
pounds per hou 

But that’s not all the Whitlock loader is a self-supporting unit no 
attachment to the press is required. You can place the unit wherever you 
lesire. This makes for easy, quick installation 


Write or phone today for complete specifications 


WHITLOCK ASSOCIATES, INC. 


21657 Coolidge Highway, Oak Park 37, Mich., Telephone Lincoln 6-7266 
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Need for Engineers .. . 


i ’ 
1e« | ? 











i oymbol 1e Ultimate in 
Adhesives Problem | itima ) 
[he adhesive development for bonding circuit to bas Dry Colorants for Every Type 


n plastics. In our adhesives using ther { T a . . 

' ; } ricl noptdast ana 
and thermosetting resins, we stil ack adequat: 
Nnidiengasi Color Paste Dispersior 
strength under a il nitorn , C/E USL bd} CTSLONS 


speed ot the can 


) ME C1 ved for Polyester and Epoxy Res 
be subjec to new I ironment: 


conditions a I se of printed circuitry spreads, Mors 101 the lh 


tar 


1aust As 
heat resistance, resistance to fumes of gas and o 


Dot is | ] ) 
, > S ho Demand rT t 
adhesive and tne nsulator Wuiil De a must f he \ t ciit I ( 


if 
circuitry is to reach its full potential. 
Plastic coating, sealing and encapsulating m: 


aminating surfaces will : need further development 74 South Ave., FANWOOD, N.J. Plainfield 5-5555 


he volume needs of ie automotive industry beg 


ear on this new field. 
The nted circuit is not likely to be the exceptio 
stimulus to expansion and progress that 
technology when 7 a X FANWOOD. NEW JERSEY 53 
ee ee ee ™! SANDUSKY, OHIO: SDKY 264 


major parti P! 
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i definite relationship which dependent upon the rat 
if the components, It is not impossible that this may cor 
stitute a threat to the medium-density materials in some 
nstances. Such compositions are most satisfactorily pro 
luced by hot melt mixing. Injection-molding of a dry mix 

higher-and-lower pellets is often unsatisfactory, be 
iuse of the possible “flotation” of the higl 

uid stream of lower-der 


which melt index f 


iiue 
ol long-chain hydrocarbo! 
mprove moldability and 
also lower tensile strength and impa 
certainly raise the brittleness temperature 


prot t 


The use of antioxidants is often desirablk 


gher-density polyethylenes against oxidation break 


or degration, and it is obvious that sucl nt 
should be non-fugitive, non-staining, 
to FDA where requlre¢ fo food contact 
As a class, polyethylene hibit relat 
ty, and protection is essentia 
intended for outdoor service. Pigmentat 
vith black furnishing far greater protect 
Producers are continuing their work 
than pigments for light stabilizatior 
ln conclusion, it must be remembe 
edium, and higher-density materials 
enes and, as such, display some common properties 
ilso display some striking differences. It is 
ences which will minimize the competitive situation among 
he three basic types of polythylene and whicl ‘ é 


fields of usefulness for each type * 





Now...less cost, less delay 
in making plastic-forming 
uppress crysta molds, zinc and aluminum 

ty. In fact, LD) die-casting dies... with 


top quality 


i refrigerated mold 


production of higher Steel Cavities and Cores 


~ 2 a , as ot o. C H¢ 
tion : , . | HG We(G/\S] | 
on molded range on Ln\ J) U L| 


jected by stripping 
ox scaans, Sas ee without master hobs 


ut d role! 4 
Manco’s new process precision-casts di- 
rectly from original patterns in almost 


any castable material ... eliminating costly 


»bviously 
properties 
represents 
die-sinking shopwork 


Manco gives you economical choice of 
the right material for every job... ACCU- 
CAST in steel or TRU-CAST in beryllium 
copper with faithful detail, dimen- 
sional accuracy, impact strength, and long 


polyethy ] . . 

trouble-free service life. 
formulat 
ngs as polyisobutylene YOURS FOR THE ASKING — expert 
f technical aid and advice. For your 


7 
ACCU-CAST free copy of the new ‘Accu-Cast 


effect can be observed 


retard spherulite 


ack resistance. Thi folder—write, wire, or phone today 


ee ee MANCO PRODUCTS, Inc. 


il as Dy 

mde 401 Schaefer R 4. Melvindale. Mich 
worthwhile 2401 Schaefe ad, Me da Vv 
Telephone: Detroit— WaArwick 8-7411 





of higher-density 











properties fo le 
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leveloped in the area of marketing Silverstein’s talk 


Philadelphia production, Considerable interest wa tion and answe! 


a vecause nereased consumption rhe progran 
Visit of Management brionsly the & supianag 00 

Teams To Foreign range ca Pigg Ber el gg we tet i 
Countries Described 


E. G. Schwab 


key to expanding oO prepared to cater 


coined 


The Philadelphia Section f SPI 
held a Management Night jointly with 
the local SPI Section on October 22, 
1957 at the Franklin Institute, 20tI 
& Parkway, Philadelphia, Pa. We wer 
ery pleased to have Mr. Saul M 
Silverstein, President of Rogers Cor 
poration as our guest speaker, In pre 
senting his subject Mr Silversteir 


described the activities of Americar 





Chris Kaye... custom molded 


thermo plastics . . . designed and 
greater 


Management Teams that have visited : 
& a St. Louis 


all of the Western Kuropear countries : fine 
~ : _ aren most exacting specifications 
is well as Turkey, Israel, Japan, Ch most modern 


and Mexico, These trips are part of plastics Round-the-clock production. 
the United States Technical Assis molding Consult Chris Kaye... FIRST 


quality engineered to your 


tance Program originally developed plant ... for injection 
under the Marshall Plan. The agencies molded plastics. 
that have directed this work have bee 
the ECA, MSA, FOA and now the ICA 

To date some thirty teams con : . CHRIS KAYE 
prising one hundred and fifty mana 
gers have carried out these missions 





Briefly these activities involve sharing 
experience with managers over seas 1200 MADISON AVE. - MADISON, ILLINOIS 
in an effort to increase industria GLenview 2-717! 





L-2-12 oz. LESTERS 


Ounces General Purpose Polystyrene 

a. Single Feed Stroke 12 

“b. Double Feed Stroke . 16 
Mold Closing Pressure, Tons 400 
Beam Area, Sa. In. . 132 
Pressure on Material at End of Plunger,P.S.l. 20,000 
Speed of Injection Plunger, inches/min 171 
Filling Speed, cu. in./sec. 12 
Complete Machine Cycle, idling, secs 12.1 
Mold Opens, inches 12 
Maximum Mold Height, ins 16 
Minimum Mold Height, ins. 13 
Maximum Mold Size, ins. (H x V 28x26 
Total Heating Units, K.W. 13.6 
Combined Pump Capacity, gal./min 62 
Motor Size, Horsepower . 30 
Weight, Lbs. . 22,500 
There are two other models of 12 oz. LESTERS... both 
ore faster in cycling and filling speed 


*Optional at extra cost 











LESTER-PHOENIX, INC. 


Agents in principal cities throughout the world 

















2717-T CHURCH AVENUE ®@ CLEVELAND 13, OHIO 
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POSITION WANTED 
CLASSIFIED ADS MOLD SHOP SUPERVISO1 
perienced in all types of molds, mo 
nating. Twenty five years experi 
WANTED as vast and Connecticut 
teply te fox 158, SPE JOURNAL, 
n A venus Greenwicl (‘onne 





POSITION WANTED 


CURRENTLY EMPLOYED SALES ENGINEER 
MIDDLE TWENTIES WITH WIDE KNOWLEDGE OI 
THERMOPLASTICS, FIVE YEARS EXPERIENCE PLAS 
riC PIPE SALES IN CANADA, REQUIRES POSITION 
WITH PROGRESSIVE COMPANY PREFERABLY IN 
ONTARIO 

REPLY BOX NUMBER 2957, SPE JOURNAL, 34 EAST 

TNAM AVENUE, GREENWICH, CONNECTICUT 








SALESMAN WANTED 
SALESMAN, who has ability to 


year, 1S sougnt 

finisher in New 

ture salesmar 
painting, assemD 
and consume} 
We do design 
support. Reply 
SPE Journal 








Aad, rertisers ~ Y, ill 


Allied Chemical & Dye Corp., Natior 


American Cyanamid Compar 
Chris Kaye Plastics Mfg. C 
Detroit Mold Engineering Com, 





Dow Chemical Company 

Frank W. Egan & Co 
SITUATION WANTED Es 

ENGINEERING 10 years sales custom ar Fine Organics, Inc 
' 1: Fo 
Ge 


ambia Chemical Corporatior 
en \\ tra ster-Grant 

veneral Motors Corp., Oldsmobile Div. 

Gering Products, Inc. 

Hercules Powder Company 

Hydraulic Press Manufacturing Co 

. preferably Improved Machinery, Inc. 

Will relocat <pect Lester-Phoenix, Inc. 
Box 358, SPE Journ: Manco Products, Inc. 
Monsanto Chemical Co 
Moslo Machinery Co. 
National Aniline Div., Allied 
Nixon Nitration Works 
Oldsmobile Division, General 


h, Connecticut 





POSITION WANTED Phillips Chemical Company 
PLASTICS ENGINEER Plastic Molders Supply Co. 
erience n thermoplastic and therm: Prodex Corp 
and custom moldings. Duties included Reichhold Chemicals, Inc. 
ng, sales engineering, some Rohm & Haas Co 
igo location. Other locations Standard Tool Company 
SPE JOURNAL, 34 East Westchester Plastics, Inc 


\\ 


ut Whitlock Associates, Inc 
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For Virgin ie, ae 


ACETATE 
MOLDING 
COMPOUNDS 


with the delicate touch 


Gering is a prime source for Virgin Acetate Molding Com 
pounds formulated to exact flow and physical properties 
specifications. Available for every extrusion or injection mold 
ing need in crystal and a full range of colors from the 
most delicate transparent to the deepest opaque 


With Gering's efficient, giant-size custom-compounding opera 
tion you can be sure of competitively priced virgin acetate 
of the highest quality. And you'll get speedy delivery, no 
matter how large your order that’s the Gering difference! 


Over 30 years of prompt response to customer's individual 
needs has earned Gering an unrivaled reputation as ‘‘color 
compounding specialists’. In addition, this service is combined 
with a rigid step-by-step system of quality controls, complete 


laboratory facilities, and modern production equipment—all 
under topnotch technical supervision. Write us about your 
specific needs today 

Check these Virgin Acetate groupings for your exact needs. 
Group 1—Recommended primarily for extrusion but can also 
be used for injection molding. Crystals and extremely delicate 
transparent colors can only be furnished in this group. The 
full range of opaque colors and metallics are also available 
in this group 

Group 2—Recommended for injection molding only. For all 
opaque, transparent, translucent and metallic colors with the 
exception of crystal and extremely delicate transparent colors 
Group 3—Recommended for injection molding only. Available 
in the full range of opaque colors 


GERING 


Virgin Thermoplastics: Vinyl ¢ Polyethylene ¢ Acetate « Polystyrene ¢ Impact Styrene 


GERING PRODUCTS, INC., Kenilworth, N. J. ¢ Sales Offices: 5143 Diversey Ave., Chicago 39, Ill. ¢ 424 Chevy Chase Road, Mansfield, Ohio 





FOR THE PLASTICS 
EXTRUSION 


“EXTRUDERS - DIES - ACCESSORIES - TECHNICAL ASSISTANCE 


\ full line of components and complete installations 
available for sheet. film. pipe and profiles. If you 
face a problem in extrusions. call on Egan. 

Our staff of plastics specialists. engineers. 


and technicians is ready to serve you. 


Write, or Phone Randolph 2-0200 
For Complete Information— No Obligation. 


EXTRUDER: Available with or without ‘‘Willert 
Temperature Control" system. Willert system 
provides automatic, balanced temperature 
levels. Egan extruders, with patented fea- 
tures, designed to meet any requirements. 





SHEET EXTRUSION DIE: Manifold type, adjust- SHEET FINISHING UNIT: Three highly polished, 


able die opening for thicknesses to 4", com- chrome plated, double shell finishing rolls; 
pletely pre-wired temperature control panel. rubber covered pull rolls, variable speed drive. 





FRANK W. Egan & COMPANY 


SOMERVILLE, NEW JERSEY 
Manufacturers of plastics processing equipment 


Cable Address: EGANCO — SOMERVILLE NJER 


REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE, NO. 10. JAPAN— 
CHUGAI BOYEK!I CO., TOKYO. LICENSEE: GREAT BRITAIN— BONE BROS. LTD, WEMBLEY. MIDDLESEX 





